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INTRODUCTION 



At the request r>f the Bureau of Aeronautics, tests 

were inade of the -^-scale n.odel of the Curtiss XBTC-2 

o 

airplane in the LMAL 7- by 10-foot tunnel. Tlie results 
of a preliminary investigation of longitudinal stability 
and control are given in part I (refei'ence 1). 

V/hen lateral-stability tests of the original model 
were made, it was found: First, tliat a rudder-force 
reversal v/as evident; and, second, that a large reduc- 
tion in effective dihedral was sh-.-^wn when flaps were 
lowered and take-off power applied. In an atten^pt to 
reiiove the rudder-force i^eversal, various dorsal fins 
and a modified vertical tail were tested. In an attempt 
to reduce the change in effective dihedral with flap 
deflection and power, the followinr: modifications were 
tested: the outboard flaps skewed from their original 
position (effectively swept back), wing tips which could 
be made to turn up v/hen the flaps v/ere lov/ered, and three 
modifications to the wing plan form.. 

The present report also includes some estimates of 
fl;^7lng qualities which were computed from the data herein* 

A new model is to be built and tested which will 
incorporate modifications as judged best from the present 
tests. 



MODEL 



The original model was supplied by the Columbus 
division of the Curt iss -Wright Corporation, It was 
equipped with a six-blade, dual-rotating propeller which 
was not to scale, its diameter being l.SlJ feet as com- 
pared to the scale value of la 771 feet. The model was 
not checked for accuracy but was found to be faired and 
finished in a satisfactory manner. The original model is 
shown in figure 1. Cowl flaps were made at LMAL es shown 
on figure 2. Some details of the aileron are shown in 
figure 5. The various modifications were constructed by 
the Navy, the Curtiss-Wright Corporation, or the LMAL. 



They are as follows: 

Modifications Figure No. 

Swept-back outer wing panel I4. 

Rectangular outer wing panel 5 

Rectangular wing . 6 

Upturned wing tips 7 

Skewed flap positions 8 

Canopy opening 9 

Dorsal fins. 10 

Revised vertical tail 11 



For all wings tested, the dihedral of the center 
panel was 0^^ and of the outer panel 10^, measured at 
the leading edge of the chord line. 

■ The sv;ept-back outer wing panel was formed by 
pivoting the original outer wing panel about a line so 
that the total wing area and incidence rem.ained about 
constant* The wing sections of the outer panels were 
thus at an angle to the air stream for this condition. 

The rectangular outboard wing panel is rectangular 
from the breal: outward giving a larger total area. The 
rectangular wing was formed by the rectangular outer 



panel of figure 5 ^^^d a rectangular center section (fig- 
ure 6). The rectangular wing has approximately the sarne 
area as the original wing. 

The upturned wing tips replaced the original wing 
tips. The wing area and aspect ratio were increased; 
the modification was made in this manner to avoid cutting 
the aileron. 

The svi^eep or skev; of the outboard flap was changed 
by pivoting about the outboard flt':lng (fig. 8), Since 
the original flap fittings were used, the gap between 
the flap ana the wing and the flap wangles changed when 
the flap was skewed. The g?.ps obtained with the original 
fittings were quite large for the skewed positions, and 
it was felt that the lift would be reduced. Consequently, 
the gap was made smaller and most of the tests were run 
with the small gap. 

The canopy opening, although not quite like that of 
the airplane, is believed to simul-'^ite the air"Dlane 
aerodynamic ally. 

The revised vertical tail had the same plan form 
and section as the original vertical tail. The rudder 
hinge line was moved back 0.36 inch on the model and the 
overhanging balance reduced to a minimum. 

The power plant consisted of an induction miotor, 
a dual-rotation gearbox, and the dual-rotating propeller* 



TEST MD RESULTS 



Test conditions . - The tests were made in the LMAL 
7- by 10-foot tunnel at dynaiaic pressures of 9*21 pounds 
per square foot for power-on tests in the landing con- 
figuration and 16.57 pounds per square foot for all other 
tests, corresponding to airspeeds o^* about 60 and 80 miles 
per hour. The test Reynolds members were about 5^0,000 
and 7^6,000 based on the wing mean aerodynamic chord of 
12.26 inches. Because of the turbulence factor of 1.6 
for the tunnel, efrective Reynolds numbers were about 
896,000 and 1,192,000. 



Coeff i cients and synbols .-^ The results of the tests 
are presente'd^Tn standard NACA coefficients of forces and 
moments. Rolling-, yav/ing-, and pitching -moment coeffi- 
cients are given about the center-of-gravi ty location 
shown in figure 1 (22 percent of the mean aerodynamic 
chord of the original wing). The data are referred to a 
system of axes in v/hich the Z axis is in the plane of 
symmetry and perpendicular to the leiative v;ing> the 
X axis is in the plane of s;v'^rimetry snd perpendicular to 
the Z axis, and the Y axis is perpendicular to the plane 
of symmetry (fig. 12). 

The coefficients and s;^Tnbols are defined as follows: 

Cl lift coefficient (Z/qS) 

Cdj^ resultant-drag coefficient (7yqS) 

Cy lateral-force coefficient (Y/qS) 

Ci rolling-moment coefficient (L/'qSb) 

oo , 

C? damoing in roll — rr — r 

^ d(pb/2V) 

pitchlng-moment coefficient (M/qSc) 

yawing-moment coefficient (N/qSb) 
C^^ • hinge-moment coefficient (H/qbc2) 
T(.' effective thrust coefficient (T'/qS) 
V/nD propeller advance-diamxeter ratio 

where the quantities are defined belov; and in figure 12 
forces along axes 

M > moments about axes 
N J 

H hinge moment of a control s"ui''face 



T effective thrust 



q 



dyns?rilc pressure ("^pV"^ 



S wing ai'^ea (6.54 square feet on model except for 
original center panel with rectangular outer 
panels which is 7-26 square feet and for the 
original vv^lng with upturned wing tip v;hich is 
6. lib square feet. The coefficients for the up- 
turned wing-tip modif ication, however, are based 
on 6.54 square feet,) 

c wing mean aerodyn^-inic chord (12,26 inches on iriodel. 
This value of c is used as a basis for 
for all wings even though original center panel 
v>^ith rectangular outer panel has Isrger actual 
mean aerodynamic chord.) 

c" root mean square chord of a control surface back of 
hinge line • 

b wing span (6.25 feet on model. This value of b is 
used as a basis for and Cj for all wings 

even though original wing with upturned Vving tips 
has a span of 6.5 feet.) 

b with subscripts, spen of control surface 

V air velocity 

D propeller diameter (l.SlJ feet on model) 

n revolutions per second 

and 

t time, seconds 

p mass density of air 

a angle of attack of thrust line, degrees 

\j/ angle of yaw, degrees 

p- angle of sideslip, degrees; p = -^4/ in this report 

^ angle of roll, degrees, measured from horizontal; 
positive when right v/lng is low 



r yawing velocity, degrees per second; positive when 
the nose is moving to the right 

p rolling velocity dp/ot, radians per second (except 
as noted): positive when the airplane is rotating 
clockwise when viewed from the rear 

angle of wing incidence with respect to thrust line, 
degrees; positive when the trailing edge is down 

i^ angle of stabilizer with respect to thrust line, 
degrees; positive when trilling edge is down 

5 control-surface deflection^ decrees 

pp front-propeller-blade angle at 0.75 radius 

rear-propeller-blade angle et 0*75 radius 

Tp effective dihedral angle, degrees fc-j divided 

by 0.0002, a good approximation but not strictly 
accurate for all plan formsj 

Subscripts : 

a aileron (a.^.,, a-^ right and left aileron) 
e elevator 
r rudder 
f flap 

\i/ denotes partial derivatives of a coefficient with 
respect to angle of yaw \^example : Cj = J 

1 inboard 
o outboard 

Corre c tions . - All data have been corrected for tares 
caused by Fhe model support strut. Jet-boundary correc- 
tions have been applied to the angles. of attack, the drag 
coefficients, and the tt.il-on pitching -moment coeffi- 
cients. The corrections v\fere comnuted as follows: 



Aa = 57.35,, -Cp (degrees) 



w r 



S P 
^Cp, - 5,,, r 



where 

jet -boundary correction factor ^it the wing 

5ij total jet-boundarj^ ooi-rection at the tail. 

S model wing area (6.3l|. cq ft) 

C turxnel cross-sectional area (69.59 sq ft) 
cC 

change in pit chlng -moment coefficient per degree 
change in stabilizer setting as determined in 
tests 

q^^q rstio of effective dynamic pressure over the hori- 
zontal t£-il to free-s bream dynamic pressure 

All jet-boundary corrections w^re added to the test 

data. 

Test procedure . - Propeller calibrations v/ere made 
by measu^.-'ing the resultant drag of the clean model at 0^ 
angle of attack for a series of propeller speeds. Thrust 
coefficients were determined from, the relation 

. Tc' = % 

where C-j is the drag' coefficient of the model with 

propeller removed, and Cj^ is the resultant drag coef- 

R 

f icient with propeller operating. The results of the 
calibration are presented in figure lj . 

The thrust coefficient available at anv lift coeffi- 
cient is given on figure 11;. These data were supplied by 
the Curtiss-V\«right Corporation. Since constant power is 
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simulated, only one point on the curve will be for level 
flight for a given model coaf igur --^blon. Lower values 
of T^^ will"^b6 for the eirplane descending and higher 
values v/ill be for the airplane climbing. With the 
original center section and rectangular outer panels, 
the wing area was Increased and the coefficients v/ere 
based on the actual wing area. Since the relation 
between ' and Cj^ depends on the wing area and wing 

loading, certain assumptions about airplane weight had 
to be made. One possibility is to assume that the wing 
loading rem.ained constant with the corresponding increase 
in airplane gross v/eight. Another possibility is that 
the airplane weight would remain constant with the correr- 
sponding reduction in wing loading. The case of constant 
airplane weight is called '^power A" while the case of 
constant airplane wing loading is called ^^power The 
engine power is identical for the two cases. 

Most of the results of this report are presented 
in two types of plots: first, the aerodynamic coeffi- 
cients ere plotted against yaw, end second, the lateral- 
stability derivatives are plotted against lift coefficient, 
Pov;er-on yaw tests vvere made at a constant angle of attack 
and propeller speed. Since lift coefficient varies with 
yaw,' the variation of ' versus C-^ given on fig- 
ure ll;. is strictly followed only Ft zero yaw. Lateral- 
stability derivatives were obtained from pitch tests at 
-5^ and 5^ jraw by assvmiing a s trai;.-ht-line variation 
betv/een those points. Propeller speed for these tests 
was varied to follow T^ » versus given on figure 1I4. 

in the same manner as for the pitch tests at zero yaw 
given in reference 1. The large-symbol points on the 
plots of lateral-stability derivatives were obtained by 
measuring slopes from the yaw tests. The large-symbol 
points are considered more accurate than the small-symbol 
points at the specific lift coefficient. 

In the text and on the figures, the model configu- 
ration is given as '^cruising" or '^landing. Tiiese condi- 
tions except es noted are described as follows: 

(a) Cruising configuration: 

All flaps retracted 
Landing gear retracted 
Cowl flaps closed 
Slats retracted 



(a) Cruising configuration (continued): 

1 o 1 o 

Propeller blade angles = JOi , = , 

for the original vving^ and = Sji^, 

^10 ^ 
pp^ - 22— for all other wing plan forms. 

(This change in blade angle was found to 
have a negligible effect, reference 1.) 

(b) Landing configuration: 

Inboard flaps, 5f>_^ = 50^' 

Outboard flaps, ^ 

^o " 
Landing gear extended 
Cowl flaps, 250 

Outboard slat extended (the IJ-inch portion 



shown on fig. 1) 



1^ o ^ nol^ 



Propeller blade angles pp = 25j, p^^ = 22j 

V\[hen not stated, the wing used will be the original wing. 
Since the original and revised veitical tail have identical 
plan forms and sections, the vertical tail is not always 
stated. ;\i'hen not given, the original dorsal fin was used. 
Stabilizer settings are given in the following table: 



vang 


Cruising 
configuration 


Landing 
configuration 
(deg) 


Original 


1.0 


1.0 


Sv;ept-b(:Ck 


-2.9 


-2.0 


Re c t angul a r outer 






panels 


-1.2 


-1.7 


Rectangular 


-3.2 


-2.3 



No attempt was made to have the same stabilizer 
setting because stabilizer settings v;ere set for the 
longitudinal-stability tests. The differences in sta- 
bilizer setting is not believed to affect the lateral- 
stability characteristics, because of the system of axes 
used in presenting the data. 
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Computation of aileron and rudder control forces , - 
Aileron control forces were computed from the follov/lng 
formula : 




v/hlch is based on the following information supplied by 
the Gurtiss-vVright Corporation? 

V\fing loading, VS = 39 •k ^^^ounds per square foot 
Total aileron movement, ^0'^ 
To t al s t i c k mo vemen t , I4-I • 

Stick length, 2^ inches tn center of hand grip 
The wing-tip helix angle was computed as follows: 

^ = 0.8 --^ 

2V C7, 

where p Is the rolling velocity in radians per second; 
G? is the demping in roll (0.1|0G) obtained from refer- 

P 

ence 2. The factor of O.S is an arbitrary value which 
approximates the reduction in rolling velocity 'due pri- 
mrrily to adverse yaw at low speeds and wing tv/ist at 
high speeds determined from a number of flight tests of 
conventional airplanes. For the tests a wire O.OO7 inch 
in diameter was fixed at 10 percent of the wing chord 
on the upper surface in an attem.pt to simulate full-scale 
transition conditions more closely. 

Rudder-pedal forces were computed from the following 
formula: 

Ch^ 

where K = 252J4. for the original tail and K = 1195 
for the revised tail which is based on the following 
Information supplied by the Curtis 3-Wright Corporation: 

Wing loading, W/S = 39 •k pounds per square foot 
Total rudder movement, oO \ 
Total pedal movement, ^0.6l\.^ 
Radius of pedal about center of rotation^ 
12 inche s 
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A refinement was made in the calculations for the ' 
revised vertical tall by including a correct:.on for strain- 
gage deflection. Calibration of tnis deflection pr^ve a 
A5 

value of — ^ = -7-32 for the wi.^dinilling condition 
Ch 

(q = 16.57) "nd a — ^ ^i|..12 or the take-off power 

condition (q = 9.21). The result was subtracted from 
the nominal rudder angle to get the corrected rudder 
angle. The maximum correction wae about 3^. This cor- 
rection has been made to plots of 5^ against ^ or 

but not to the data giving af'-inst ^ because the 

correction would yetj with yS/ for the latter case. The 
strain gage for the aileron and original tail was much 
more rigid so that deflection was negligible. 



DISCUSSION 

Effect of wing plan form and power. (a) Small 
a ngles of yaw. - Figure I5 compares Cy , Cp , end C? 

of various wing plan forms for the range of power and 

flap conditions- The variation of C^ and C^r is 

n^^ 

much greater with flight conditions th^ui with wing plan 
form. C^^^ varies from, a maximum, of about -0.00l|.0 for 
V 

the landing configuration with take-off power to a mini- 
mum of -0,0005 for the cruising corif iguration v/ith pro- 
peller windmllling. C^ varies fromi about O.OiiO for 

the landing configuration v/ith tako-off power to about 
0.008 for the cruising configuration with propeller 
windiiiillinp:. C7 varies considerably v;ith both Dlan 

form, and power. The variation is Illustrated in table I. 

Effective dihedral is 8- to 11-- (C-, = 0.0002 is 

2 2 A ^\ir 

equivalent to 1^ effective dihedraly^ in the cruising or 
dive condition. These valines may be too large for 
desirable flying qualities. The original wing loses 
effective dihedral with increase in lift coefficient 
and flap deflection whereas the other wing plan forms 
gain in effective dihedral. All the wings lose effective 



12 



dihedral v/hen power is applied. Since the effective 
dihedral in any given flight cond' tlon may be changed by 
changing the geometi'ic dihedral, tiie relative merit of 
the various plan forms can probably best be judged 
the bottom line of the table. This line gives the change 
in effective dihedral from the dive or cruising condi- 
tion to the most adverse condition, landing configuration 
with a take-off power at a high C|-^. A small or zero 
change in effective dihedral is desirable. The least 

change occurs with the rectangular vidng, -b^- » end the 

10 

greatest change occurs vvith the original wing, "21- , 

with the swept-back and rectangular outer panels lying 

in between -9j^> -10^. The effective dihedral of the 

model with the swept-back outer panels decreases sharply 
near maximum lift (fig* 15(a)). This fact indicates 
that the leading wing tip is probably stalling first. 
There is a large variation in stalling characteristics 
of the different wing plan forms, but this subject has 
been discussed in reference 1. 

The increment in the lateral-stabiliby derivatives 
caused by power have been isolated on figure l6 by sub- 
tracting the windmilling values of figures 15(a) and 
15(c) from the power-on values of figures 15(b) and 15(d). 
The subtraction for figure l6(a) was performed with 
values taken at the same angle of attack while the sub- 
traction for figure l6(b) was performed with values taken 
at the same lift coefficient. Since the results on 
figure 16 represent fairly small differences of large 
values, most of the scatter between various wing plan 
forms may be considered to be experimental error. 

The increase in Cy with power can be primarily 

explained as follows: A yawed propeller produces a con- 
siderable side foroG. The magnitude of this side force 
increases markedly with T^. S and hence with Cj^ ^or 
the power-on condition. The lateral force produced by 
the vertical tail increases with T^n ' because of the 
greater dynamiic pressure ratio in the slipstreamx as T^' 
is increased. The lateral force of the fuselage probably 
also increases with T^. ' as a result of being in the 
slipstream. Opposed to the Increase in Cy with T^ » 
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is the fact that sidewash resulting from propeller opera- 
tion decreases the angle of attack of the vei"tlcsl tail 
and fuselage. 

Directional stability also increases v/ith when 

power is on. This fact indicates that the increased 
vertical-tail load due to the slirstreani times its moment 
arm about the center of gravity produces the largest 
yawing moments. The increase of the propeller side force 
tim.es its moment arm and the change in fuselage moment 
are the lesser effects. 

The variation in Cj.j with p = ?n form and flap 

• : 

deflection is illustrated in reference J. The reason for 
the loss in effective dihedral with increase in T^ ^ can 
be primarily explained as follows 2 Vifhen an airplane is 
yav;ed, the slipstream tends to follow the relative wind 
lying somewhere between the longitudinal axis and the 
wind axis. The trailing side of the wing receives more 
slipstream than the leading side, thus causing a greater 
increase in lift on the trailing side than on the leading 
side. This effect is destabilizing since it is opposite 
to the rolling mom.ent produced by positive dihedral. 

The increase in -ue to the propeller force and 

the slipstream over .the wing is shown in figure l6(a). 
The value of ACj^ on figure 16 varies considerably 

v/ith change of wing. Since the rectangular wing has the 
least area in the slipstream, reduction in effective 
dihedral due to power may be expected to be smallest for 
this case which is borne out to a large extent by the 
results • As all the other wings had the same center 
section, the difference shown between them is largely 
unexplained. Some of the difference may be attributed 
to the difference in span-load distribution across the 
center section with the various outboard panels, 

(b) Large angles of yaw >- In addition to giving 
slopes shown by the large. syiTibols in previous figures, 
figures I7 and iS show the effect of large angles of yaw 
on the aerodynamic charac-teris tics 0 Characteristics of 
the model in yaw with tail off are shown in figure I9 
and 20. Where the power effect is sm.all (the wind- 
milling condition and the low lift-coefficient condition 
with take-off power) Cy, and . with tail on continue 
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to large angles of yaw with little change. C-^ reduces 

markedly 8t large angles of yav;. Since Cj never reverses 
sign at large angles of yav/, the change in slope is 
believed to be of little imx^ortance . Displacement of 
the G-j^ curves, one from another^ is caused chiefly 
by the different stabilizer settlr-gs and wing mean aero- 
dynamic chord positions • Cp decreases with angle of 

R 

yaw as a result of the system of axis used. '/jhile Cj^^^ 

along the axis used reduces with yaw, Cj^^^ along the 

v/ind axis actually increases with ja'N as would be expected. 
Cl does not change much v/lth yaw. Vlhen the power effect 
is large (take-off power at a high Cj_^l the same trends 
are shown except as follov\;3: With tail on C^^ decreases 

considerably with yav/ in the cruising configuration 
(fig. 17(d)) and changes sharply for the landing configu- 
ration, becoming quite highly positive beyond -?_C^ of 
yaw (fig. 18(b)). This sharp change in C^^^ probably 

occurs when the tail leaves the slipstream. With tail 
off and power on, is higjily positive (fig. 20(b)) 

but becomes highly negative at small yaw angles when the 
tail is added (fig. lc(b)) indicating a large effect of 
the tail when in the slips tre aiii* /.lien the tail leaves 
the slipstream, its effectiveness decreases considerably 
so that the high positive Cj^^. of the tail-off curve 
predominates. 

(Although believed to have on.'.y a small effect on 
the results, the following information is given for com- 
pleteness. On figures I7 and I8 the original dorsal fin 
was used with the original wing and dorsal Dj was used 

for all other plan forms. On figures I7, I8, I9, nnd 20 
the leading-edge slot was open to the fold line for the 
original wing, but only the outboard portion (IJ inches 
on model) was open for the other plan form.s.) 

E ffect of upturned wing tips .-> The variation of the 
lateral-stability derlv-^tives with Cr is shown on fig- 
ure 21 • The dates (7-30-Ii.5 and 9-27-^5) are the dates 
of testing. There pre only slight changes in Cy^ end 

Cn^ with take-off power due to the upturned wang tips; 

hov/ever, the upturned wing tips cause a considerably 
less stable C^^ Vvith v/indmilling power. Although there 
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is poor agreement between C7 obtained from pitch tests 

made at ±5*^ yaw and yaw tests (indicated by the large 
s:^/mbols)^ the Increment in effective dihedral caused by 
the upturned wing tips for propeller windmilling is about 
2.6^ effective dihedral. For take-off power, however, 
even the increment is in poor agreement. The curves com- 
pared on figure 21 v;ere obtained from data taken about 
2 months apart with several model changes being made in 
the meantime; therefore, the data indicated by the large 
diamond and square of the same date are considered much 
more accurate. These points were obtained from figure 22 
and indicate an increase of about jA- in effective dihedral 

due to upturned wing tips with take-off power. It may be 
concluded that, for tlie laxiding configuration, the upturned 
wing tips may be expected to increase the effective dihe- 
dral about 2^' for the v/indmilling condition (C^ -1.6) 

and about ji-^ to for the take-off power condition 

(Cl - 2.7). 

Bffect of outboard flap modification .- The effect 
of skewing the outboard flap end rcx-rioving the outboard 
flap is shovm in fig-ores 25, 2I4-, and 25* As a convenience 
in testing, some of the tests were made with the tall and 
some without. 

Table II has been prepared to correlate and summarize 
the eff ective • dihedral results. The values of V ^ are 
obtained from slopes m.easured from figures 25 and 2[|.. The 
values of with the asterisk (-::-) were obtained by 

adding or subtracting the contribution of the tail which 
was found by comparing figures I8 and 20 to be about 1^ 
of for the windmilling condition and h^.^ of for 

the take-off pov/er conditions at the angles of attack 
corresponding to the yaw tests. Skewing the flap from 
the original position of -ih^..^'^ to 0*7^ gives a consid- 
erable improvement in effective dihedral while further 
skew to 11.5^ gave no further improvem.ent . Removing 
the flap entirely gave the most improvement; however, 

these modifications reduce Cr as reported in refer- 

•^max 

ence 1. .Figure 25 shows that skewing the outboard flap 

reduces the variation of effective dihedral with Ct 

ij 

similar to effect of sweeping the outboard wing panel 

back as previously discussed. Adding the tfyil to the 

case of A.. =0.7 with take-off power would raise the 
o 
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curve about effective dihedral at the higher lift 
coefficients* Figure 2$ shows thrt there is no meas- 
urable effect of changing the flap gap. Opening the 
slats increased the effective dihedral about 3 (fig- 2)4. 
and table II). 

Effect of canopy opening .- Opening the canopy is 
shown to have no measurable effect on the variation of 
0^ with 'J/ between ±10^ ^|/ (fig. 26). The difference 
in Cn at ±15^ is not believed to indicate any dangerous 
tendency. 

Ailer on control .-- The results of the tests of the 
left aileron ere sho^m in figure 27. A transition wire 
0.007 inch in diameter was placed on the upper surface 
of the wing at the lO-percent-chord station in an attempt 
to duplicate full-scale transition conditions more 
closely. The variation of wing-tip helix angle pb/2V 
v;ith stick force wes computed for figure 28(a) for both 
ailerons. The results are reduced by multiplying by 0.8 
to approximate the reduction in pb/2v due primarily 
to adverse yaw and wing twist as previously mentioned. 
To check the validity of the 0.8 f cctor ot a low speed 
with flaps down where adverse yaw is greatest, a theo- 
retical time history of the motion follovving an abrupt 
full aileron deflection (±15^) was computed using a 
refinem.ent of the step-by-step com'.out ation given in 
reference The refinement v^as to use the slopes at 

the angle of sideslip under consideration instead of a 
sin[;i,le value of slope measured at zero sideslip. The 
results of the computation are givv.n in figure 28(b). 
The model with the swept-back outer wing panels was 
chosen for the com-putation, because of the closer sim.u- 
lation of the airplane. The speed chosen was 9^r»4 ^niles 
per hour v^hich is 120 percent of the m.inimum speed. 
The maximum. pb/2V at about 1 second is 0.082, To 
obtain O.O82, C7/C7 would have to be multiplied by 

0 Up 

0.86 instead of the usual factor of 0.8. The average 
pb/2y for a 90^ bank, wliere sideslip reaches a maximum, 
is only O.O67I To obtain 0.067, ^l/^l. would have to 

be multiplied by O.7O instead of O.8. As the speed 
increases this factor for a 90^ bank would increase until 
at high speed the factor would be reduced by wing twist. 

The Navy requirement P-8 and F-9 of reference 5 
states in brief that a pb/2V of 0,08 is required at 
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any speed between 1)40 percent of stalling speed and 
80 percent of maxiiri-uin speed with e control force not 
exceeding 50 pounds. As shown, th3 average effective- 
ness Is too low at II4.O percent of iiiinimum speed, although 
the maximum rate of roll meets the requirement (fig. 26Tb)), 
in the landing configuration and the control force is too 
high at 80 percent of maximum, speed. The ailerons meet 
the requirement at the cruising speed of 220 miles per 
hour 0 

Rudder-free characteristics . - Preliminary tests 
showed that a reversal of yawing moment would occur, and 
hence a reversal of rudder force, ^'or the cruising con- 
figuration with take-off power at a high a (fig. 29(a)) 
and for the landing configuration with wlndmilling or 
take-off power (fi£3. 29(b) and 29(c)). TOiile the reversal 
occurs earlier for the windmilling condition, it was more 
severe for the take-off power condition. Most of the 
dorsal fins were therefore tested in the landing configu- 
ration with take-off power. The addition of the dorsal 
fins delays the reversal of yav^ing moments about as fol-^ 
lows: original dorsal, 3^; dorsal D]^, 9'~^J dorsal • 

These values can be obtained from figure 29(c) by the 
proper addition and subtraction. 

It was thought that a revised vertical tail of the 
same plan form and area having a smaller chord rudder 
might prove better because when the tall stalls a smaller 
portion of the area would be deflected so that a greater 
restoring moment in yaw v;ould result. Because of the 
dual-rotating propeller, the direcolonal control supplied 
by a smaller chord rudder should b^^ siafficient. For the 
windmilling condition, the revised vertical tail alone 
eliminated the reversal of yawing r.om.ents (fig. 29(b)). 
For the landing configuration with take-off power, the 
revised vertical tail delays the r.-versal of yawing 
moments about 5~ \|/ beyond that for the original tail 

when results with the same dorsal fin are compared 
(fig. 29(c)). 

Rudder tests . - The test data of the original tail 
are shown in figure 50 and" the revised tail in figures 5I5 
52, and 33. Certain flying qualit.1es computed from these 
figures are presented on figures ^L^ 55 3^ f 57* The 

rudder-free figure (fig. 29(b)) v/as also used to help 
determine where rudder-force reversal occurred on the 
original tail for figure 35' 
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The take-off power rudder calculations were made 
for a = 1«7^* although the take-off power rudder 

test data were taken at a C-^ = 2.77 i^^B* 55)- ' was 
therefore higher for the test thaii it would be for the 
flight conditions computed. The calculations were made 
in this manner so that a better comparison could be made 
with the windmilling condition at i.2 times the power- 
off minimijjm speed. For the take-off power results on 
figures 55 ^nd 37j an interpolation was made between the 
windj.7iilling condition (fig. 52) and the take-off power 

condition given on figure 53 t-e T^ ' difference. 

c 

In the cruising conf iguratioi , the revised tail 
1 o 

could hold 11^ of sideslip; howev-:>.r, at high speed this 

value of sideslip v;ould be reduced considerably because 
of high pedal forces (fig. 5^)« 1^ the landing configu- 
ration, the revised tail can hold 10 of sideslip for 
windmilling power and 12'^ for take-off power at 9i|.I|. miles 
per hour, which is about 1.2 times the minimum speed. 
For a maximuru pedal force of l80 pounds as specified in 

]_0 

reference 5, only 82 of sideslip could be held with 

take-off power. The original tail holds 2l\.^ of sideslip 
or 2.1j. times the value for the revised tail: however, a 
rudder-force reversal occurs at 16^^ sideslip which vio- 
lates requirement E-5 reference 5» The revised tail 
could be improved by increasing the overhanging balance. 
The original tail could be improved by increasing the 
dorsal-fin size and possibly reducing the deflection 
range . 

Since there are no asyrunetric yawing moments to trim 
with the dual-rotating propeller, the most severe require- 
ment for the rudder is probably for neutralizing the 
adverse yaw of the ailerons. Rudd<:.r control for spin 
recovery may be the most severe ru:der requirement. Spin- 
recovery tests are to be made in t'- e NACA spin tunnel. 
The maximum adverse yaw of the ailerons was determined 
by adding the test C^-^ for the ail.erons as given on 
figure 27 to the C^^ due to rolling computed from^ the 
method given in reference 6. These estimates were placed 
on figures 56 and 57- j^ither vertical tail can easily 
neutralize the aileron adverse yawing moment. 
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CONCLUSIONS. 



The following conclusions may be drawn as- to the 
lateral stability- and control of cheXBTC-2 airplane. 

!• V«'ing plan form had a pronounced effect on the 
variation of effective dihedral w"th lift coefficient 
and flap deflection. Wing.plan forir. had little effect 
on directional . s tability or l&ter^^i force. 

2. The applicction of power, particularly at high 
lift coefficients , decreased the effective dihedral 
but increased the directional stability .and lateral force. 

5. With the upturned v;ing tips for the windmilling 

condition (Gy - 1.6), the effective dlhedrel was 

10 

increased about '2-^ f and with take- -ff power (C^;^ ~ 2.7), 
about to 5^. 

L\.. For the landing configuration, giving sweepbsck 
to the outboard flap or reirxoving the outboard flap reduced 
the change in effective dihedral with lift coefficient 
but reduced the maximum lift coefficient obtainable. 

5. Aileron effectiveness was riiarginal for the 
landing conf'igur ation and aileron control force was too 
high at high speed. 

6« The rudder-force reversal v/as improved consider- 
ably by increasing the dorsal-fin size and also by 
reducing the rudder chord while maintaining the same 
vert i c al- tail area. 

7. Aileron yawing m.oments, the only asymmetric 
yawing moments occui^ring in normal flight with a dual- 
rotating propeller, were easily neutralized by the 
rudder . 

8, Rudder control for spin recovery m.ay be the most 
severe rudder requirement. It is reccnmiended that the 
narrow-chord rudder be checked for spin recovery a.s well 
as the larger rudder. 



Langley Memorial Aeronautical Laboratory 

Nation^il Advisory Committee for Aeronautics 
Langley Field, Va, , August I8, 19^I|. 



20 



REFERENCES 



1. Well, Joseph, and Wells, Evalyn G. : Wind-Tunnel Tests 

of the i/o-Scale Powered Model of the Curtlss 
XBTC-2 Airplane. I - Preliminary Investigation of 
Longitudinal Stability. NACA m, June 1, IQIlIi. 

2. Swanson, Robert S, , and Toll, Q'homas A,: Estimation 

of Stick Forces from Wind-Tunnel Aileron Data. 
NACA ARR No. 5J29, 19l4.5* 

5. Betz, A, : Aryolied Airfoil Theory. Tins yniietrical and 
Non-Steady Types of Motion. Vol. IV of Aerodynamic 
Theory, div. J, ch. IV, sec* [|., Wc P. -Ourand, ed. , 
Julius Springer (Berlin), 1955, P^^* IO2-IO7. 

II. Weick, Fred E., and Jones, Robert T. : Tlie Effect of 

Lateral Controls In Producing Motion of an Airplane 
as Computed from Wind-Tunnel Data. NACA Rep. 
No. 570 5 1956. 

5. Anon.: Specification for Stability and Control Charac- 

teristics of Airiolanes. SR-119, Bur. Aero., 
Oct. 1, 19li2. 

6. Pearson, Henry A., and Jones, Robert T. : Theoretical 

Stabilit-^r and Control Characteristics of Wings with 
Various Amounts of Taper and Twist. NACA Rep. 
No. 655, 1958. 



TABLE I.- EFFECT OP v^ING PLAN FORM ON EFFECTIVE DIHEDRAL 



Flight condition 


Original 
(deg) 


O W <3 P u 

back 
(deg) 


neotan^uxar 
outer panels 
(deg) 


Rectangular 
(deg) 


1 


Cruising configuration 
windmilllng or power on^ 
low Cj^ 


ol 


r- 


10 




2 


Landing configuration 
v/lndmilllng, high Cj^ 


k 


12 


■ .1 1 


17 


3 


Landing configuration 
take-off power, high Cr 


-13 


0 


0 


5 


k 


5-1 


.?.li 


-9J 


-10 





NOTE: Table made from large symbols on figure 15 
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TABLE II.- SPF2CT OF OUrBOilRD FLAP MODIFICATION 
ON EFFECTIV^i: DIHEDRAL 
[original plan form, landing configuration] 



uuuD0 8.rci I ia.p 
conditi on 


Power 


( 

Cr 


1 a 
(deg) 


i 

I tall 
i on 
(deg) 


i 

tail 
off 
(deg) 


(original) 


Wlndoillling 


1.67 


9.2 


k 


5^ 


Af. =0.7^-' (both 
^ g ap s } 


do-- 


l.f.J 


9.2 


8.5^ 


7.5 


A = 11.5° 

0 




1 • /L.1.1 


9.1 


8.5^ 


7.5 


Flap up 


do 


1*26 


3.9 


11.5® 


10.5 


A. = -iJ+.5° 

(original) 


Take-off 


2 • v: ■ 5 


10,6 


-15 


-17^ 


=0.7^ (small 
^ gaps) 






10.1: 




-10 


Plr!p up 


do 


2.20 


10.5 


-h.6 


0 a. 




-0 . D 


Flap up (L.E, slot 
closed) 




2.2.2 


10.5 


-6.0 

1 


-12.0^- 



Estimated from average effects of tall on F . 

e 

NOTES For the cruising configuration v;lth tail on at a 
low C^, Tg = 8.5°, pov-r on or windmilling. 
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OUTLINE OF FIGURES ON g--SCALE MODEL OF XBTC-2 AIRPLilNS 

Fig. No. 

A. Mo de 1 

Original model (complete) 1 

Cowl flaps 2 

Aileron details p 

Outer wing panels sv^ept back Ij- 

Rect angular outer v/ing panels 5 

Rectangular wing o b 

Wing with upturned tips- 7 

Wing with skewed flaps b 

Canopy opening 9 

Dorsal fins / 10 

Original and revised vertical tails .... 11 

B. System of axes 12 

C . Power oper rt ion 

propeller calibration IJ 

T^^ versus Cj^ 1)4. 

^ • Effect of wing plan form 

Late r al -s t ability derivat ive.s , 
^^i; 

Effect of power on C 7 , C^ , Cv • • • • I6 

^ ^ylf 

Yaw tests: 

Cruising configuration, tail on ... . 17 

Landing configuration, tail on lo 

Cruising configuration, tail off .... I9 

Landing configuration, tall off .... 20 

E. gffect of upturned wing t ips 

Lateral-stability derivatives 21 

yaw test o 22 

F. Effect of outboard flap modifications 

Yaw test (skewed flaps) 2p 

Yaw test (flap and slat modifications) . . ~ 2L\. 

Effective dihedral 25 



OUTLIIJE OP FIGURES - Continued 

F ig* No. 

G. Effect of cgnopy opening in yav -/ 26 

H . Aileron control 

Aileron deflection o . . . . 27 

Aileron flying qualities 28 

I. Rudder control 

Rudder free (yaw tests) 29 

Rudder deflection (yaw tests;: 

Original vertical tail 30 

Revised vertical tail: 

Cruising configuration windrnilling . 51 

Landing conf igior ation vvindmllling . . 52 

Landing configuration take-off power • 55 
Rudder flying qualities 
In sideslip: 

Cruising configuration 3!4- 

Landing corif igurat ion 35 

Neutralizing aileron G^: 

Cruising configuration 56 

Landing configuration 57 




rmftt /(a) -JH^LL-V IZW D^^wm of /d- scale model of the CUR-TISS X5TC-2 aii?.plane.. 

(0R.I6INAL MODEIL) 




Figure 1(b).- The ^- 



scale model of the XBTC-2 airplane in the LIvIAL 7- by 10-foot tunnel. 
Landing configuration. 



Face of 
cow/ 
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Figaro, £ Side i//e^ of^-.3oa/<2. mode/ of ABTC-^ alrptJ/ie ^/lOh^//7g cow/ f/apdQta//3 




Fiqure 3.-DiaQrom bhowioQ aileron of X&TC-z model tested with flo,pb oeuiral 
and flaps exteoded. 



L-787 



Swept -bacK outer panel 
( T.E. perpendicular to 



Airplane 



Pii/ot point in 
si/t/eeping outer 
pom/ 



^NACA 230/f.7 (ofprox) 




'—Original outer panel 
( LE. perpendicular fo 

£/./" 



TotQ/ area of each ^.3^ 3^ /f 
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Figure ^-Left wi no panel of Vs-sca/e model of XBTC-a, airplane 
showing ^wepf-i>ocK outer panel modification. 



**A'/1 Cf\ 23014.7 (appro/. ) 



V 



f^ectangular outer panel 



^^O/^i^lnaf outer pond 



^NACA 23016 
V = 1-5° 




NACA Z30O3 

iyy--0.4-° 




Tota/ original wing area 6.34- s<^ ,,,sorv 
IqTqI wing area {_Kcc t outer panels) 7.2G s<p -fr cowNiimE for aeronautics 



Figure 5(ohLeft ^ing pane/ of '/Q- scale made! of X&IC-Z ait pi an 
showing rectangular outer ponel modificQtion. 



L-767 



^^A/ACA 230/6 (a^f>r0X.) 
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2.»"| 

n 



2)7.5 



oil 



'*'/v^/^<r/4 2 30/ 6 



///^M Z3003 
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FOKe: and ATT LOCATION AND LENGTH OF M.AXl. SAME" POf^ 0OTH WIN&S 



TdTKV o(^.\&\M/^v. area 

TOTAL R.fCTAN<iVJ\-AR VvfVMCb A-i^E/K 



F\c^vjre Leff LjioQ panel of fe-^Qle model of 
XbTC'Z a^rplQrre v/\th rectangular planform. 
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to f/ap contoar 
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All dimensions in inches 
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figure Petal /s of slotted f/ap for '/s-Scole model of the XBTC-Z Oirplane , Rectan()ular wing, 




Figure 6(c).- The g-- scale model of the XBTC-2 airplane with rectangular wing. Cruising 

configuration. Take -off. 
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Tota/ (juing area ^.^^ ft^ 
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Figure l(Q)-LQft w/ng parTe/ of Ji^>5ca/e. n^xfe/ of o/r/O/one 3ho^/ng 

upturned v^rmg tip. 
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Right 








.37 








0-1 gap 










U l gap 


.56 


5 3' 




5 4S 


11.3' 


3d 


.45 




5 43 




Sect/on B'B 



5ecT/on j^zA 



Figure. 3 rleff m^/xi^ cfM ^ mx^J of /3rc^^ orpma yxju/ing outtxxifti /7c^) posJt/oo^ testec/. 
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Figure. 9 > - Draw'ing shoau/ng canopy opening on 
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\2.48 
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COHTOOP. 
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Orig/nal 




13.76 



1 1 .S3 



2.22 



F\qure 10- Dorsa\ fins tested on the yd-^ca\e model 
XbTC-z a\r plane. 
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Aspect 
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.07/ f^*- 
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IJ9Z ft. 



Both Airfoil >5ecT/ans 
/VAC A 0OO3-G4- mod it red 
aft of tuddet- beam. 




f^/gure 11(0.)- Drat^///ig ot ongmaj anc/ rev/sed 
vertical tail of the ^ :5ca/c mode/ of 
the X/3TC-Z a/rphne 
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Figure 11(b).- The g - scale model of the XBTC-2 airplane with the revised vertical tail and 

dorsal fin, Dj. Landing configuration. 




Figure l2.-Nota+ion of the system of axes 
and the control -surface h\nge moment-s and 
c(ef lections. (Arrotus indicate positive values.) 
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